Pericardial adhesions complicate reoperative cardiac surgery and several attempts have been made to reduce adhesion formation. The efficacy of bioabsorbable oxidized regenerated cellulose in preventing post-operative pericardial adhesions was evaluated in the present study. Forty New Zealand white rabbits were divided into four groups of 10. In all rabbits an area of pericardium (2 × 2 cm) was excised. The wound was left open in groups 1 and 2 but replaced with bioabsorbable oxidized regenerated cellulose in groups 3 and 4. Rabbits in groups 1 and 3 were killed 3 weeks after surgery and those in groups 2 and 4 were killed at 6 weeks. Groups 1 and 2 showed more severe pericardial adhesions, more fibrous reaction and increased visibility of coronary vessels than groups 3 and 4, although there was no difference in inflammation. Light microscopy showed a mesothelium-like cell layer in groups 3 and 4. It is concluded that bio-absorbable oxidized regenerated cellulose may be suitable in patients receiving staged cardiac surgery and in those with a high probability of re-operation.
Introduction
In recent years, improvements in diagnostic techniques for cardiac diseases and the introduction of new surgical treatment modalities have increased the survival rate of patients but, in our clinical opinion, have also led to an increase in the number of cardiac re-operations. Pericardial adhesions may cause serious complications during reoperation. By increasing dissection time and obscuring the true anatomy, pericardial adhesions may result in important tissue injuries and catastrophic outcomes. 1 -3 In resternotomy the risk of major vascular injury ranges from 2 to 6%. 4 One study reported that when there was injury to a previous aorta-coronary bypass graft the mortality rate increased to 56%. 5 Pericardial adhesion is a physiological process caused by trauma, ischaemia, Prevention of post-operative pericardial adhesion reactions to foreign bodies, infections and haemorrhages. 6 Many different methods and materials are used to minimize pericardial adhesions and consensus about the best method has not yet been reached. 1, 4 Agents used to minimize post-operative adhesions include fibrinolytics, corticosteroids, histamine antagonists, nonsteroidal anti-inflammatory agents, antibiotics, natural barriers (omentum, peritoneum, amnion, fibrin, gelatin, collagen and hyaluronic acid) and physical barriers (silicon-based materials, polytetrafluoroethylene [PTFE] , polyvinyl alcohol and polyester derives). 4,6 -8 Bioabsorbable barriers have also received considerable attention, the materials that have been most studied being oxidized regenerated cellulose (Interceed™), Seprafilm ® , regenerative collagen sheets, polyethylene glycol, polylactic acid, gelatin sheets and L-lactic acid-ε-caprolactone copolymers. 9 -14 The present study investigated the effects of oxidized regenerated cellulose, a bio-absorbable material that has been shown to be effective for intraperitoneal adhesions and gynaecological interventions for pericardial adhesions. 15, 16 
Materials and methods

STUDY DESIGN AND SURGICAL PROCEDURE
Forty New Zealand rabbits weighing 2.5 -4 kg were divided into four groups, each of 10 rabbits. In all groups after left anterior thoracotomy the pericardium was opened longitudinally, an area 2 × 2 cm was excised and the anterior and lateral surfaces of the heart were abraded with a sterile sponge. In groups 1 and 2 (control groups) the pericardium was left open. In groups 3 and 4 (treatment groups) the pericardium was closed with a 2 × 2 cm piece of oxidized regenerated cellulose (Interceed™, Johnson & Johnson, New Brunswick, NJ, USA) which was sutured in place at two points with 6/0 Prolene™ (Ethicon Inc., Cincinnati, OH, USA) to fix the oxidized regenerated cellulose to the gap in the pericardial tissue.
In all cases, a Minivac drain was placed in the thoracic cavity while closing the thoracotomy. Intercostal analgesia was induced by injecting bupivacaine. The Minivac drain was removed after the rabbit regained consciousness (except in two rabbits in which haemorrhage occurred and, in these cases, the drain was removed after 3 h in one rabbit [group 2] and after 5 h in the other rabbit [group 3]).
For antibiotic prophylaxis, 100 mg/kg cefazolin was injected 1 h before surgery. After administration of 35 mg/kg ketamine (Ketalar ® ; Eczacıbaşı, Luleburgaz, Turkey) and 5 mg/kg xylazine (Rompun ® ; Bayer, Leverkusen, Germany) intramuscularly, respiration was supported by the use of an oxygen mask. Paracetamol (added to the oral feed) and 100 mg/kg cefazoline were given for 3 days.
Approval for the study was obtained from the Ethical Committee of the Faculty of Medicine, Uludag University, and postoperative care of the rabbits was carried out in compliance with the rules of the National Society of Medical Research Principles of Laboratory Animal Care.
EVALUATIONS
The rabbits were killed 3 weeks (groups 1 and 3) or 6 weeks (groups 2 and 4) after surgery with lethal doses of ketamine and xylazine. The heart was excised with its pericardium as a block. The samples were examined macroscopically by a surgeon who was blinded with respect to the animal groups. Adhesions were graded for severity as follows: 0, no adhesions; 1, mild adhesions (transparent filmy adhesions separable by lifting the pericardium from the myocardium without dissection); 2, moderate adhesions (fibrous and easily separated by blunt dissection); 3, severe adhesions (thick, requiring aggressive blunt dissection); 4, very severe adhesions (multiple thick adhesions requiring aggressive dissection that damaged adherent tissue). The visibility of the coronary arteries was graded as follows: 0, clearly visible; 1, blurred; 2, completely obscured.
Ten tissue samples were obtained from every heart for microscopic pathological examination by pathologists who were blinded with respect to the animal groups. The tissue samples were embedded in paraffin blocks using Shandon Histocentre™ 3 (Thermo Electron Corp., Pittsburgh, PA, USA). Tissue preparations were cut with a Leica SM 2000R microtome (Leica Instruments, Wetzlar, Germany) and stained with haematoxylin-eosin. The scoring schemes of Lu et al. 17 were used to grade inflammation (0, no cell infiltration; 1, sparse, focal infiltration of lymphocytes and plasma cells; 2, focal infiltration of neutrophils, plasma cells and lymphocytes; and 3, diffuse infiltration of neutrophils, plasma cells and lymphocytes) and fibrosis (0, no fibrous reaction; 1, sparse, focal fibrous connective tissue, hyalinization and fibrin deposition; 2 a thin layer of focal fibrous connective tissue, hyalinization and fibrin deposition; and 3, a thick layer of focal fibrous connective tissue, hyalinization and fibrin deposition). Thickness of the mesothelium-like cell layer was graded as described by Tsukihara et al. 14 on a 0 -5 scale (0, absent; 1, thinnest; and 5, same thickness as the pericardium).
STATISTICAL ANALYSIS
The results are expressed as mean ± SD. The Mann-Whitney U-test was used to compare non-matched, non-parametric values between treatment groups (groups 3 and 4) and control groups (groups 1 and 2) using the Statistical Package for the Social Sciences (SPSS ® ) version 11.5 (SPSS, Chicago, IL, USA). The level of significance was set at P < 0.05.
Results
Comparisons of the treatment after 3 and 6 weeks (groups 1 and 3, respectively), and the control after 3 and 6 weeks (groups 2 and 4, respectively) are shown in Tables 1 and 2. Significant differences were found for Comparison of the effects at 6 weeks post-operation of using a 2 × 2 cm bio-absorbable oxidized regenerated cellulose membrane to close the pericardium compared with untreated control following pericardium excision in rabbits FIGURE 1: Mesothelium-like cell proliferation grade 3 (on a scale of 1 as the thinnest and 5 as the same thickness as the pericardium) shown by the arrow in rabbits at 3 weeks post-operation following use of a 2 × 2 cm bio-absorbable oxidized regenerated cellulose membrane to close the pericardium (group 3) (haematoxylin-eosin stain, original magnification ×400) Prevention of post-operative pericardial adhesion significantly lower after 6 weeks of treatment compared with the control (group 2 versus group 4; P < 0.035) ( Table 2 , Fig. 2 ). Coronary vessel visibility was significantly improved between the treatment and control after 3 weeks (group 1 versus group 3; P < 0.002), and also after 6 weeks (group 2 versus group 4; P < 0.003) of treatment. The groups did not differ significantly in inflammation score. Remnants of the bio-absorbable oxidized regenerated cellulose membrane could be found after 3 weeks (group 3) ( Fig. 3 ) but all the material had been reabsorbed by 6 weeks and could not be seen (group 4). 
Discussion
Pericardial adhesions increase dissection time, cause serious mediastinal injury, blood loss, increased risk of infection and changes in anatomical structures and, thus, lead to problems during re-operation. 1,2,4,18 Many attempts have been made to decrease postoperative pericardial adhesions, but the optimal methods and materials have not been established. 2, 4, 6, 11, 14 Pericardial adhesion is a physiological healing process that occurs after trauma ischaemia, exposure to foreign bodies, infection or haemorrhage. 6 Three different methods are in use for the reduction of pericardial adhesions: (i) primary closure of the pericardium; (ii) closure by the use of membranes (non-absorbable or absorbable); and (iii) the use of drugs that reduce adhesion. Primary closure of the pericardium reduces adhesions, however, it cannot be undertaken in cases of myocardial oedema, use of the pericardium for closure of congenital defects or where there is risk of tamponade. 13 Different types of materials are used to close the pericardium, but the ideal technique and material have not yet been found. At first, non-absorbable synthetic and xenograft membranes were used, including silicone rubber, PTFE membrane, polyethylene film and Dacron ® mesh. Some authors have reported that PTFE is effective but others have found that its use results in an increased risk of infection because of foreign body reaction and fibrosis. 13, 14, 19, 20 In addition, it obscures visualization of the cardiac anatomy. 14 There are also reports of the effectiveness of xenograft membranes. 21, 22 More recently, bio-absorbable materials that do not cause a long-term foreign body reaction have been studied intensively. 11,13,23, 24 Yamada et al. 25 in 1997 described a composite consisting of two L-lactic acid-ε-caprolactone (50% L-lactic acid, 50% ε-caprolactone) copolymer films and a poly(glycolic acid) non-woven fabric which displayed good mechanical properties, was completely absorbed 24 weeks after implantation in the back of rats, and was replaced with regenerated dura-like tissue in dural defects in rabbits. They concluded that this new bio-absorbable composite sheet can be successfully used as a dural substitute. In another study, the pericardium was closed with a gelatin sheet and L-lactic acid-ε-caprolactone copolymer; after 24 weeks it was totally reabsorbed, and inflammatory reactions and adhesions were reduced. 13 Okuyama et al. 11 reported that rapidly bio-absorbable polymer film prototypes made of polyethylene glycol and polylactic acid decreased retrosternal adhesion in rabbits.
Agents other than membranes that may reduce pericardial adhesions are also being tried.
Piroxicam reduces pericardial adhesion by affecting levels of tissue plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-1) and pericardial tissue myeloperoxidase activity. 26 Krause et al. 27 evaluated N,O-carboxymethylchitosan (a glycosaminoglycan hydrogel derivative) for its effectiveness in reducing pericardial adhesions in rabbits, and they suggested it had potential prophylactic use. Oxidized regenerated cellulose has been shown to reduce adhesions through fibrinolytic effects by increasing tPA levels, 15 and was effective in reducing intraperitoneal and pelvic adhesions. 15, 16 In the present study, the effects of bio-absorbable oxidized regenerated cellulose on pericardial adhesions were evaluated. Macroscopic examination showed a reduction in pericardial adhesion and improved visibility of coronary vessels in animals receiving this treatment. Light microscopic evaluation showed that the use of this material reduced It is concluded that bio-absorbable oxidized regenerated cellulose may be a suitable alternative material for use in patients receiving staged cardiac surgery and in those with a high probability of reoperation owing to its effects in reducing pericardial adhesions and by acting as a barrier, increasing mesothelium-like cell proliferation, which provides a scaffold for regeneration of the pericardium.
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